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Effects of bee pollination on yield and quality of oil tree peony
in the extreme weather spring freeze
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Abstract [Objectives] Spring freeze is a typical climate disaster, which will seriously affect the growth and yield of
agricultural and forestry crops. Bee pollination can significantly improve the yield, quality and economic value of crops. This
study took the oil tree peony ‘Fengdan’ as the research object, and aimed to determine whether bee pollination could alleviate
the impact of spring freeze on crop yield and quality, and lay a foundation for the effective use of bee resources. [Methods| From
2017 to 2020, Apis mellifera and Bombus terrestris were placed in the pollination net room of the oil tree peony base to

determine the fruit, yield and quality in different years and different pollination methods in the same year. At the same time,
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under the influence of the spring freeze, the effect of pollination by A. mellifera and B. terrestris on the yield and quality of oil
tree peonies was focused on comparative analysis. [Results] In 2018, the freezing injury rate of stamens in the oil tree peony
field reached 70.20% and the per plant yield was (4.85+0.81)g, which significantly reduced by 1 094.86%, 1 401.24% and 893.60%,
respectively (P < 0.01). The results over 4 consecutive years show that A. mellifera and B. terrestris significantly increase the per
plant yield of oil tree peonies by 85.43%-499.38% and 35.86%-357.94%, respectively (P < 0.01), and that A. mellifera increases
the yield more than B. terrestris. In 2018, A. mellifera pollination significantly alleviated the reduction in yield per plant by
499.38% (P < 0.01), whereas pollination by B. terrestris significantly alleviated it by 203.71% (P < 0.01). There was no
significant difference in the oil yield, or total unsaturated fatty acid content, of tree peonies pollinated by either A. mellifera or
B. terrestris (P < 0.05). A. mellifera pollination reduced the yield reduction rate of oil tree peonies by 407.18%, whereas
pollination by B. terrestris reduced the yield reduction rate by 133.04%. [Conclusion] Spring freeze significantly reduced
the yield of oil tree peonies, but did not affect their productivity the following year. Pollination by either A. mellifera or B. terrestris

can significantly alleviate the adverse impact of a spring freeze on oil tree peony yields, the former more so than the latter.

+ 1287 -

Key words spring freeze; oil tree peony; Apis mellifera; Bombus terrestris; pollination; yield

FIHFRERIEHEREEIM (—BHE 3 1) X
T T LA, MAEBZEE M (—MdE 4 Hak s
) AR HIEHEMI RIS, BRNKIE
W A KR e K IR TR R 22— (A SO A%
2018 ), 7EREZRMEEE, MEMEZNAIS
AT AN SRR, SRR Z B R, TREE
M K FE A= F SR BT (JE 2R I5 A5, 2011 ), /N
WIBEHER, PR, TH, BT
PCEVER, BRI T AR BRI A, PR T i
Lk g (Lietal., 2014, 2015), 7E/h# .
KA. B BHREEEY L, (R &
0L 4R K R A BE O T S B0 BRI
( Karimzadeh et al., 2019; Kauretal., 2020;
PRFISE, 2021); 7efiis b, BIEFEMAZFLR
AT 80%MERTE , T AE R A4 7 Ik R
THAI, HRZEEMT 61%, SR
WA i (Frionietal., 2017), HEAR4E)G
(AR RCRE it A HE K L AR . A& BY Rk 2R AR
LR N T A2 FAb e i B2y 4 (R,
2018; ZF¥EA, 2018), SR REARAY I TR
X AR RS 5 A SR ] kb e R e A A9 %))
H )32 05K EARAT 40% (T, 2017 ), i
A FE AN I A P R TR R e A AL
38 .

ek B el A S R g AR iR L
B RS 4 T AR R R L SRR A A
(Klein et al., 2007 ), P47 %1% Apismellifera L.
FIAERE Bombus spp et At (&)™ 1z i #4

et HA N T A BN B ( Garibaldi et al.,
2013; Sternetal., 2021), B8 Z N HTA&AME
Yo Rek . RARANEMED S, TR/ Z
PRS/FT, BRI SR, BEED, Eil
G (ReLgif, M. RIS ) (Abrol
and Shankar, 2011; Klatt et al., 2014; Silvaetal.,
2018; Zhangetal., 2022a, 2022b), HikET
SRS FE R B B (Free, 1993; Riccardo
etal., 2012),

PR R T IR E H IR E A R A
WRMEY), BATR G h A E M s mE . 4t
FH TS, B E S AR AIEIER (>90% ),
Hofn \ARFTATZ Y o- 0 BRFR 25 B ik 40% LA L
( FIAIEE, 20165 Z=FH 4, 2019; Wangetal.,
2019 ), #HFHE TR, SRR AL,
F ACHE S MAR, T ZEMO L H B HOR B = 45 FF
(PR, 1998; HHKAE, 2014; Xieetal.,
2017 ). AHIFEERB, RUE 4P UL R Rk
RFLEAMEE, WL, PRSI 4 KR,
H g7 %% Apis mellifera, H %% Apis
cerana cerana F1# g% Bombus flavescens S 3
TG R R (B R4S, 2019), HPGH# g
1 H R W W L 2 B R v A AR R RO
4 (Heetal., 2019, 2020; 5KELH %%, 2019 ),
T 31 R 98 K AL By B A 452y ity 4 1 7 5
g Al SR STE S

AL A FE R FE (Paeonia ostii T.
Hong et J. X. Zhang ) AHFFEXT 4, it I & AR



+ 1288 -

o B 3244 Chinese Journal of Applied Entomology 59 &

A0 LA B[R] — 403 PG 077 28 e R b A e A o HL
S, RGBT FE R
A AR LI RSSO RIDREE A wE Yy
HahFAEIAE R, 5 7R 52 ) —Fh B FE XA A
WA R ARG, AR s AR i LR AL
3 B AL A e B DR SR A BRI AN

1 MRS
11 ®RMA

AF 5% M 1557 T 00 i 4 94 BH T 06 X 9% FH 2
AEH P50 I BH DU FIRP R A FR N &, 3 AR
Fr: ZR% 34°37, b4 112°39'. ¥4k 143 m),

30

[\
W
T

[\
[=}
T

{REF (°C) Temperature (°C)
S &

w
T
*

16 2017-2020 4E1 4-8 A HPHE I = B8
W, ESE 4 AEIATEPAMRES o ARAEH TSR I
R MR AR R, FhREEAZY 40 hm?, i
SRS A 8-11 4F

2017-2020 4 4 F 48 A A% FH A ek o0 an
B CHBE) ME 2 (HEMEE) PR, Wi
FIRIE R A ARE (B 3CNIEE, 2018 ) H5E 2018
4E4 47 UK 4 J 12-15 HAEWH 1 P8 5
FERA, HBEIFRERINBRECN 8 do 1R
FIFERINECERERS (B3NS, 2018)
15, 2018 A 1Y 3 5 JE A Lk v B B AR %€
(K=3.3209), 7E{I1FFERS LA R AL B
B3T3 °C,

—=—-2017 —o— 2018 —a— 2019 —»— 2020

N0 A0 N 0P DR o e o o2 o o o o

b\' »v b( »( »( b( b( »( b(Qb( b( b( b( b( b( b( b( b‘/ b( b( b( b( b( b( b‘, b‘, b" b‘, b‘ b‘
Hi#§ ( A-H ) Date (month-day)

B 1 2017-2020 & 4 A BFHRETUES
Fig. 1 Variation trend of daily aver age temperature of April from 2017 to 2010

201 —a—2017

—
W
T

iRBE (°C) Temperature (°C)
)

+—2018 ——2019

\
[ ]

*—2020

50
[
O 1 1 1 1 Ilb«l 1 1 1 1 1 1 Ib(l\l 1 1 1 1 1 1 1 1 1 1 1 1
3\ » S Q NV HXH DO D ANV A A D SN
b"Q b"Q b(Q b&’Q b&’Q b(Q b(Q b"Q b\’Q b"\ b"\ b&'\ b"\ b(\ b&'\ b"\ b&'\ b"\ b&'\ b&s\' b‘m b&ﬁ' b‘:\'b&wb&wb&”b\wb&” b?’

H#5 ( H-H ) Date (month-day)

B2 2017 £-2020 F 4 A ERREBEETHED
Fig. 2 Variation trend of daily minimum temperature of April from 2017 to 2020



61 LA S (RIS T BRI B I A B R R P - 1289 -
1.2 Rt 2020 AFAVBEE T REMER R (K 3. B); #IXIEK

FE I R AT PR S A M % (RPE K
15m, Fgdb5e: 8m, 555 : 2.0 m, BH&E:3.2m),
IR R AEAR 2 R (X
TNAURCE TG ), ARIMEER (= UK
RN ) A EE S O R (S N ORI AT AT
By e ); Dy AME M % S E K A SR X R
( E RAGETP Y HAREH ). 2017 4EFN 2018 4F
HELEWAE 3 B T S B R RE I a2 8 (A
3: A), 2019 U EEERR (K 3: B),

A
CK2-1 CK2-2 CK2-3
. CK1-1 CK1-2 CK1-3
o0
on
XF-1 XF-2 XF-3
MF-1 MF-2 MF-3
45 m

28 m

TP PFRRBOE 290 956 Hk, M2 AP FHAH ]
R B it

B Rh o P % e Apis mellifera FHbAE
1% Bombus terrestris, JHrf1PG s i i 1% FHA 1%
TR B, M REME PR b FE R TR A SRR AT
RS TR S 242 N — BT, T4 1)
TR 2 PR TBCE A R e, 7 7 60 (1 4624 8 000
k) FIHbAERE (1 48 200 3k ). EAARRE T
WK 3 iR

CK2-1 CK2-2 CK2-3 N
CKl1-1 CK1-2 CK1-3
MF (XF)-1|MF (XF)-2 [MF (XF)-3
45 m

B3 fEMM=ERITEEE
Fig. 3 Floor plan of the pollinator net room
A. 2017 F1 2018 4F3R BT B. 2019 A1 2020 4F IR TTE . MF: PH 5 8 BRI 2
XF: HufRUERIM % CKI: 23 FIXT IR ; CK2: KM H A% R IXIR
A. Experimental design diagram in 2017 and 2018; B. Experimental design diagram in 2019 and 2020.

MF: A. mellifera pollination net room; XF: B. terrestris pollination net room;
CK1: Blank control net room; CK2: Field control.
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245377 +4Ey Pollination+Year 7.993 0.000
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Thousand seed weight (g) A Year 39 745 0.000
8 7 2+4E4y Pollination+Year 14.581 0.000
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Fig. 8 Comparison of bee pollination effect in different years
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E. Weight of seeds per plant; F. Thousand seed weight. Asterisks indicate significance levels
(*<0.05, * *<0.01, * * *<0.001).
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Bl htrf ARFE/NE FhER R ZF 2% (P<0.05, One way-ANOVA ).
Different letters indicate significant differences (P < 0.05, One way-ANOVA).
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